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(54) Polymeric composition 

(57) A polymeric composition for use in medicine 
includes a liydrophobic bioabsorbatile polymer admixed 
Witt) a hydrophilic liquid polymer wherein the polymeric 
composition undergoes macroscopic phase separation 
on contact with aqueous media. The polymeric compo- 
sition optionally includes a medicinal agent. The poly- 
meric composition be d^x)sited as a permeable, 
semipermeable or occlusive irregular mass, regular 
mass, film or fbam over a suitable surface, for example, 
viable body tissua Bloabsorbable implants formed from 
the polymeric composition may aseumeavarlety of three 
dimensional configurations such as planar, spherical, 
cylindrical, rectangular and polygonaJ. 
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Description 
BACKGROUND 

1. Technical Reld 

The present disclosure relates to polymeric compo- 
sitions used in medicine and. more particularly, to liquid 
polymer mixtures which are capable of undergoing mac- 
rophase separation in aqueous environments to form 
bioabsorbable implants. 

2. B(^*flrpMn<lpfRglrtWlArt 

Bioabsoft»t>le polymers are well-known for use in 
medicina Typical formulations of such polymers are 
used in wound closure and wound repair, e.g., absott>a- 
ble sutures, absorbable staples, absorbable osteosyn- 
thesis saews. absorbable hernia repair mesh and the 
like. Bioabsorbable polymers are also used for degrada- 
ble drug delivery devices. The above items are ordinarily 
manufactured, e.g., by molding, drawing or spinning into 
the preformed final product which is then used as indi- 
cated by a surgeon. 

In certain circumstances customized implant fonns 
and shapes are necessary that are not provided by pre- 
formed shapes. Wound dressings or adhesion baniers 
of unique shape are frequently aiplied to inegularly 
shaped surfaces. The surgeon may need to cut the adhe- 
sion banier or wound dressing to provide the appropriate 
shape. Unfortunately, such manipulations by the sur- 
geon may be time consuming and. despite care and skill, 
the dressing or barrier may not adequately conform 
and/or adhere to the underlying tissue terrain. 

Small voids or cavities, e.g., a periodontal pocket, 
present unique problems relating to treatment of infec- 
tion or trauma. Ideally, treatment of the periodontium 
involves preventing or eradicating infection by cleaning 
and/or antimiaobial therapy and, in certain cases, bar- 
rier formation to aid restoration of normal healthy perio- 
dontium tissue. Antimicrobial therapy usually involves 
systemic and/or local administration of antimicrobial 
drugs. Systemic administration is associated with certain 
disadvantages, e.g.. the time needed to reach effective 
blood levels at the target site and potential fungal super- 
infection during antibiotic therapy. Moreover, patient 
compliance in adhering to an oral dosage regimen is 
often problematic. Maintaining effective drug levels in a 
periodontal pocket is difficult in connection with local 
administration of drugs since dosage forms that do not 
provide sustained or controlled release are quickly 
washed away by aqueous secretions in the mouth. Per- 
iodontal pockets are often difficult to access without 
large-scale mutilation of surrounding periodontium. Pre- 
formed sustained or confrolled release drug delivery sys- 
tems applied within the mouth, but outside a damaged 
periodontal pocket may fail to provide effective spatial 
placement of the drug due to crevicular plasma flow pre- 
venting contact of tiie drug with the target locus. Meally, 



therapy should be directed to spatial placement and sus- 
tained and/or controlled tmporal delivery direcUy witiiin 
the affected periodontal pocket. An inegularly shaped 
periodontal pockA that is difficult to access is not easily 

5 amendable to receiving a preformed dnig delivery 
device, i.e., the device would be difficult to insert and not 
adequately provide proper or complete spatial place- 
ment over ten^in within the cavity. 

Natural repair or restoration of the periodontium 

10 involves migration and replacement of ligament cells, 
epithelial cells and fibroblasts in the injured area. Liga- 
ment cells provide a strong bond tor teeth and other hard 
tissue structures. The presence of a predominant 
amount of cells which are not soft connective tissue cells, 

IS e.g.. epithelial cells, at an injury repair site creates a soft 
orweakbond to surrounding hard tissue. Abarrierto epi- 
thelial cells and fibroblasts allows a predominance of Gg- 
ament cells to populate the Injured area and creation of 
a strong bond to surrounding hard tissues. As with drug 

20 delivery devices, a preformed banier would not fit easily 
into and conform to the complex geomeb^y of a target 
location to provide an effective ban-ier to epithelial cells 
and fibroblast migration. 

As a consequence, attempts have been made to tor- 
es mulate surgical aids that provide in-situ forming dmg 
delivery devices, barriers and dressings. U.S Patent No. 
4.91 1 .926 describes aqueous and non-aqueous compo- 
sitions made of polyoxyalkylene block copolymers which 
form gels at mammalian body temperatures for use In 

30 reducing post-operative adhesion formation following 
surgery to the peritoneal or pleural cavities. Other gel 
forming compositions have been developed for prevent- 
ing adhesions, eg., US. Patent Nos! 5,093,319 (chitin 
derivative soluble in aqueous solutons containing dilute 

35 adds). 5,080.893 (aqueous solutions of hydrophiGc pol- 
ymeric materials of high molecular weight), 4,994,277 
(xantiian gum), 4.532.134 (chitosan coagulum). and 
4.141 ,973 (hyaluronic acid). 

Another approach to making implants involves dis- 

40 solving a polymer in monomeric solvent to provide a 
desirable form of the polymer. Examples of such mono- 
meric solvents include hafogenated alkanes. ketones or 
aromatic hydrocarbons. The resulting mixture is applied 
to a desired substrate and a solid film or coating is pro- 

45 duced when the solverrt evaporates. However, concerns 
atx)ut the fugacity and/or toxicity of such monomeric 
organic solvents and the danger associated with explo- 
sion, or absorption by localized viable tissue has created 
a distinct need tor less hamtf ul substrates. 

so Certain biodegradable in-situ torming implants and 
methods of fonning them are descrbed in U.S. Patent 
Nos. 5,278.201 . 5,077,049 and 4,938.763. As described 
therein, a thermoplastic system involves dissolving a 
solid, linear-chain, water-insoluble biodegradable poly- 

55 merinamonomericsolventtoformaliquidsolution. After 
ttie polymer solution is placed into the body, the mono- 
meric solvent dissipates or diffuses away from the poly- 
mer, leaving the polymer to coagulate or solidify, leaving 
a solid sb'uclure. A drug may be added to the polymer 
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solution to form a homogeneous solution or be dispersed 
to form a suspension or dispersion of drug within the pol- 
ymeric solution. The thermoplastic system may be 
placed into a syringe and injected into the body. U.S. Pat- 
ent No. 5,077.049 describes the themx>plastic system 
for use in regenerating the periodontium. 

U.S. Patent No. 5.236,355 Is directed to an appara- 
tus for the treatment of peridorrtal disease. As described 
therein, sustained release compositions for the local 
administration of a therapeutic are administered as a plu- 
rality of dry, diSCTete microparticles of at least one ther- 
apeutic agent dispersed in a matrix made of a 
biocompatable and biodegradable polymer. The micro- 
encapsulated compositbns may be produced by a phase 
separation process which employs silicone fluids as 
hardening agents. Methylene chloride is used to disolve 
the biodegradable polymer prior to nwdng with the sili- 
cone. 

Unfortunately, the use of monomeric solvents as 
desaibed above leads to irritation of surrounding tissue 
and nerve endings since monomeric solvents are 
absorbed quiddy and cause localized hypertonidty and 
tissue dehydration. The result is pain in the area of 
implant which can be associated with tissue neaosis. 
Moreover rapid dissipation of the monomeric solvent 
leads to shrinkage of the implant and non-uniform 
changes in its dimensions due to rapid uneven precipi- 
tation. Consequently, there is a need for in-situ forming 
implants that overcome the above described drawbacks. 
Such In-situ forming implants would present a distinct 
advantage over preformed implants and the above men- 
tioned irritating in-situ forming implants. 

SUMMARY 

A polymeric composition is disclosed which includes 
a hydrophobic bioabsorbable polymer admixed with a 
hydrophilic liquid polymer such that the polymeric com- 
position undergoes macroscopic phase separation on 
contact with an aqueous environment. The hydrophobic 
bioabsorbable polymer may be one or more polyhydroxy- 
acids, polylactones, polycartjonates, polyetheresters, 
polyanhydrides, polyesteramides. polyorthoesters, 
polysaccharides, poly(alkylene oxide) containing poly- 
mers, and copolymers, terpolymers or blends thereof. 
Suitable hydrophilic liquid polymers include one or more 
poly(alkytene oxide) ethers, poly(alkylene oxides) and 
oxalates of polyoxyalkylene oxides. The polymeric com- 
position optionally includes a suitable medicinal agent. 

A method of forming a bioabsorbable implant is dis- 
closed wh'rch includes providing a hydrophobic bioab- 
sorbable polymer, providing a hydrophilic liquid polymer 
and mixing the hydrophobic bicabsortiable polymer with 
the hydrophilic liquid polymer to form a liquid mixture. 
The mixture is contacted with an aqueous liquid which 
causes macroscopic phase separation of the hydropho- 
bic polymer and the bioabsortiable implant is deposited 
on a suitatjie surface and/br within the volume of a target 
sita The implant may be deposited intheformof an irreg- 



ular mass, a regular mass, film or foam. The mixture may 
optionally include a suitable medicinal agent. In one 
aspect, the mixture is contacted with aqueous media by 
spraying, irijecting or pouring the mixture onto or into the 
5 aqueous media. Suitable surfeces for depositing the 
implant include all surfaces on or in a living creature 
associated with aqueous secretion such as irouth sur- 
faces including the periodontium, organ surfaces, wound 
surfaces and/or the suture line of a wound. 

10 

PESCRIPTIQN QF PREFERREP EMPQPIMENTS 

The polymeric conposition undergoes phase sepa- 
ration and forms bioabsorbable inplants when contacted 
15 with aqueous media. It is especially us^ul for local drug 
delivery, protecting wound sites and/or preventing adhe- 
sions. 

In a prefen'ed embodiment, the polymeric composi- 
tion undergoes in-situ phase separation and provides an 

20 inrplant with maximum adaptation and conformance to 
the configuration manifest the complex geometry of a 
biological target site. The resulting implant is biomechan- 
ically compatible with adjacent tissue and induces little 
or no physiochemical or mechanical trauma during or tol- 
as lowing its formation. 

The polymeric composition includes a hydnsphobic 
bioabsortable polymer and a hydrophilic liquid polymer 
that arefully miscible or partially miscible with each other. 
Such fully miscible polymeric compositions form iso- 

30 tropic solutions while such partially miscible polymer 
compositions produce dispersions such as emulsions or 
suspensions. Upon contactwith aqueous media, thepol- 
ymeric composifjon is destabilized thermodynamically 
and discrete macrophase separation occurs. Phase sep- 

35 aration causes the bioabsorbable polymer to precipitate 
and form an amorphous, liquid-crystalline or partially 
crystalline mass. The precipitate may be in the form of 
an occlusive, permeable or semipemneable inegular 
. mass, regular mass, film or foam, having variable levels 

40 of porosity depending on conditions described below. 
'Hydrophobic bioabsorbable polymer' as used 
herein refers to bioabsorbable polymers that are not ordi- 
narily soluble in water, but will either dissolve or other- 
wise become dispersed, suspended or emulsified in the 

45 hydrophilic liquid polymer desaibed below. The degree 
of hydrophobidty is such that the bioabsorbable poly- 
mers will not dissolve in an aqueous environment and be 
carried away or dissipated along with the hydrophilic liq- 
uid polymer. Hydrophobic bioabsorbable polymers used 

so in the polymeric composition are well known and include 
pdyhydFOxyadds. polylactones. polycaitwnates, poly- 
anhydrides, polyesteramides, polyetheresters, poly- 
orthoesters, polysaccharides, poly(alkylene oxide) 
containing polymers, and copolymers, terpolymers and 

55 blends thereof. Preferred hydrophobic bioabsortable 
polymers for use in the polymeric composition are rela- 
tively amorphous or semicrystalline and have low glass 
transition temperatures. Specific exanples of hydropho- 
bic bioabsorbable polymers include polyglycolic acid. 
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polylactic add, polyhydroxybutyric acid, polyhydroxyva- 
leric acid, polycaprolactone, polytrimethylene carbon- 
ate, polydimettiyl trimethylene cartxjnale and 
copolymers, terpdymers and blends thereof. 

In one embodiment, a preferred hydrophobic bioab- 
sorbable polymer Is made of a copolymer containing gly- 
colide, lactide and trimethylene caibonate. Inaprefen-ed 
aspect, the polymer indudes a tilock present in an 
amount of from about 20% to about 80% by weight, 
which contains about 5% to about 45% by weight glycol - 
ide and about 55% to about 95% by weight trimethylene 
caibonate, and another block presert in an amount of 
from about 20% to about 80% by weight, which contains 
about 5% to about 45% by weight glycolide and atnut 
55% to about 9S% by weight lactide. An exampleof such 
a bioabsottsable polymer is a ccpolymer having about 
50% by weight ofaUodfcontaining about 20% by weight 
glycolide and about 80% by weight trimethylene carbon- 
ate and about 50% by weight of a blocl< containing about 
20% by weight glycolide and about 80% by weight lac- 
tide 

In another embodiment, a prefenred bioabsorbable 
polymer is made of a ccpolymer contairung a block of 
about 20% to about 50% by weigN polypropylene oxide 
and about 50% to about 80% by weight of another blodk 
containing about 5% to about 30% glycolide and about 
70% to about 95% by weight lactide. An example of such 
a polymer is a copolymer having about 35% by weight of 
a block containing polypropylene oxide and about 65% 
by weight of a block containing about 1 8% by weight gly- 
colide and about 82% by weight lactide It should be 
understood that the above-described particular embod- 
iments, aspects and examples are merely illustrative of 
preferred hydrophobic bioabsort>able polymers herein 
and that other combinations of the above-listed polymers 
are suitable as well. 

The above-described fiydrcphobic bioabsortiable 
polymer is combined or admixed with a hydrcphilic liquid 
polymer to form mixtures that make up the polymeric 
composition. "Hydrcphilic" liquid polymer, as used herein 
means liquid polymers that are water miscible, but capa- 
ble of dissolving or dispersing by suspending or emulsi- 
fying the above-described hydrophobic bioabsorbable 
polymers without acting as a co-solvent that would cause 
the hydrophobic bioabsorbable polymers to dissolve in 
aqueous media. The molecules of the hydrophobic bio- 
absorbable polymers and the hydrophilic liquid polymers 
are sufficiently interactive to form one phase liquids or, 
alternatively, to fonn polyphasic systems such as disper- 
sions which include suspensions or emulsions. 
Hydrophilic liquid polymers used in making the polymeric 
compositions include water miscible liquid polyesters 
and pdyethers such as poly(alkyene oxides), oxalates 
of polyalkylene oxides, polysaccharides, and 
poly(alkylene oxide] ethers. Preferred hydrophilic liquid 
polymers indude pdy(ethylene oxide) methyl ether, pol- 
yethylene oxide, block copolymers of alkylene oxides 
such as polyethylene axide and polypropylene oxide, 
poiyoxyethylene oxalate and copolymers, terpolymers 



and blends thereof. In one preferred aspect, polyethyl- 
ene oxide having a molecular weight of less than 1000 
daltons is utilized. In another preferred aspect, copoly- 
mers of polyethylene oxide and polypropylene oxide are 

5 utilized. Such copolymers are commercially available 
and sold under the tradename Pluronics®. 

The hydrophobic bioabsort>able polymers and 
hydrcphilic liquid polymers are admixed according to 
conventional techniques known to those with ordinary 

10 skill in the art. Stable isotropic solutions containing two 
or more fully miscible members of the above hydrophobic 
and hydrophilic polymers are formed as homogeneous 
mixtures. The polymers are mixed at optionally elevated 
temperatures and then clarified by techniques which are 

IS standard in the art. Examples of the above polymers 
which form isotropic solutions are mixtures of liquid pol- 
yethylene oxide and copolymers based on trimethylene 
carbonate, glycolide, and lactide Dispersions such as 
emulsions and suspensions consist of a dispersed 

so phase distributed throughout a continuous phase. Sus- 
pensions herein are dispersions of solid particular hydro- 
phobic bioabsorbable polymer dispersed in a liquid 
continuous phase of the hydrophilic liquid polymer. 
Emulsions herein are dispersions of liquified droplets of 

25 hydrophobic bioabsorbable polymer dispersed in a liquid 
continuous phase of the hydrophilic liquid polymer. To 
achieve the proper degree of dispersion it is necessary 
to ensure that adequate mixing is achieved. Homogeniz- 
ers and the like may be used for this purpose. 

30 Adjuvants may be added to stabilize or preserve the 
solutions and dispersions described above. Such acfu- 
vants include nonionic surtactants which include alcohol 
ethoxylates, glycerol esters, polyoxethylene esters, and 
glycol esters of fatty acids. Preferable nonionic sur- 

35 factants are glycerol esters of stearic, dele, and/or lauric 
add as well as ethylene and/or diethylene glycol esters 
of fatty adds. 

The polymeric composition optionally includes one 
or more medicinal agents. As used herein, medicinal 

40 agent is used in its broadest sense and incudes any sub- 
stance or mixture of substances that have dinical use. 
Consequently medicinal agents may or may not have 
pharmacological activity pgr ge, ag., adye. Examples of 
dasses of medidnal agents which may be combined or 

45 nuxed into the polymeric composition include antimicro- 
bials, analgesics, antipyretics, anesthetics, antiepilep- 
tics, antihistamines, anti-inflammatories, cardiovascular 
drugs, diagnostic agents, sympathomimetics, cholinomi- 
metrics, antimuscarinics, antispasmodics, hormones, 

50 growth factors, musde relaxants, adrenergic neuron 
blockers, antineoplastics, immunosuppressants, gas- 
trointestinal drugs, diuretics, steroids and enzymes. It is 
also intended that combinations of medidnal agents can 
be used. 

55 Polymeric compositions as described herein 
undergo macroscopic phase separation on contact with 
aqueous media with eventual diffusion ortransport of the 
hydrophilic phase away from the hydrophobic bioabsort>- 
able polymer phase. Use of hydrophilic liquid polymers 
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minimizes shrinkage of the resulting bioabsort>able 
deposit and provides a more uniform structure when 
compared to deposits left from a system Incorporating 
monomeric solvents. 

The resulting deposit left by the polymeric composi- 
tions may be In the fam of an Irregular mass, a regular 
mass, film or foam, each with regular or irregular mor- 
phology and/or microporosity depending on the compo- 
nents of the composition, the amount of composition 
used and the method utilized for applying the composi- 
tion to a suitable substrate. The ratio of hydrophobic bio- 
absorbable polymer to hydrophilic liquid polymer in the 
polymeric composition ranges from about 1 :10 wt\vt to 
about 9:1 wtAwt. with a ratio of 1 :1 wt/wt being prefenred. 
A relatively high molecular weight hydrophiPc liquid pol- 
ymer that incorporates a relatively high concentration of 
hydrophobic bioabsoibable polymer is highly viscous 
and leaves a foam deposit over or within a substiate on 
contact with aqueous media. A lower molecular weight 
hydrophilic liquid polymer having a relatively small con- 
centration of hydrophobic bioabsorbable polymer leaves 
a thin film or foam over a sutwtrate on contact with aque- 
ous media in. e.g.. a tissue space. Permeability of the 
deposit may also be regulated, e.g.. a high concentration 
of hydrophobic absort>able polymer in a relatively low 
mdacular weight hydrophilic liquid polymer leaves a 
dense, occlusive deposit on contact with aqueous 
media. A low concentration of hydrophobic bioabsoi1>a- 
ble polymer in a relatively high molecular weight 
hydrophilic liquid polymer leaves a highly permeable or 
porous deposit on contact with aqueous media. 

Bioabsorbable implants formed by macrophase sep- 
aration are capable of having a variety of shapes and 
configurations. The shape may be irregular and amor- 
phous or of a highly ordered external configuration. 
Examples of regular mass objects include planar films, 
cylindrical objects, rectangular object and polygonal 
objects. The shape of the Implant is ultimately deter- 
mined by the surface on which the polymeric composi- 
tion is deposited and/or the configuration of the cavity 
that it occupies. 

Bioabsorbable implants made from the polymeric 
composition provide site-specific release of medicinal 
agents which may be immediate release, delayed 
release or sustained release. Immediate release sys- 
tems provide a drug dose instantly. Delayed release sys- 
tems provide repetitive intermittent dosings of drug. 
Sustained release systems achieve slow release of a 
drug over an extended period of time and should main- 
tain a therapeutically effective concentration of drug at 
the target site. Medicinal agents that are mingled with 
the hydrophilic liquid polymer are released immediately 
to the target site. Medicinal agents that are mingled virith 
the bioabsorbable polymer provide delayed or sustained 
release therapy by diffusion from the interstices con- 
tained in the bioabsoit}at}le implant and/or release from 
the bioabsorbable network as the implant degrades. 

A bioabsorbable implant Is famed as a deposit 
when an above-described polymeric composition is con- 



tacted with aqueous media. It should be understood that 
non-aqueous elements may be present in aqueous 
media. In one aspect, the aqueous media is body fluid 
associated with various body organs or cavities which 

5 can be accessed during surgery. In this manner, a bio- 
absortnble implant can be formed over or in desirable 
locatfons as an adhesion barrier to minimize or prevent 
formation of post-surgical adhesions. Desirable loca- 
tions include the peritoneal or pleural cavities, the gas- 
to trointestinal tract and any nerve, muscle, tendon, 
ligament or bone where adhesions may form following 
surgery or trauma. An adhesion barrier fomied by the 
polymeric composition may be a permeable, semiper- 
meable or occlusive layer of flm or foam that can be 

T5 painted, sprayed, poured or injected on or into the 
desired locus. In another aspect, a bioabsortiable 
Implant of film or foam can be formed from the polymeric 
compositfon and used as a tiolster or reinforcement for 
wound closures involving sutures or other fasteners. In 

20 this manner, the wound is closed and the polymeric com- 
position is applied over the wound closure device to pro- 
tect and ranforce the wound and prevent adhesions. 
Alternatively, the polymeric composition Is applied to the 
wound, with resulting formation of a film or foam. A 

2s wound closure device is then applied through the film or 
loam such that the film or foam provides a cushion or 
bolster for the tissue. 

Rims and foams made in accordance with the dis- 
closure herein adhere to underlying tissue and remain 

30 there until the bioabsorbable polymer is degraded and 
absorbed. The films and foams undergo relatively little 
shrinkage and thus do not place undo strain on, or pull 
away from the application site. Moreover, contact of the 
hydrophilic liquid polymers desaibed herein does not 

35 cause dehydration, hypertonicity and pain at the appli- 
cation site when compared to monomeric solvents. It is 
contemplated that multiple layers of the polymeric com- 
position may be laid over a suitable location. 

Rims and foams made from the polymeric compo- 

40 sition may be applied to external wounds such as cuts, 
gashes, ulcers and burns to aid healing. Medicinal 
agents such as wound healing agents and antimicrobials 
may be incorporated to speed healing of damaged tis- 
sues. In this manner, various growtti factors, antibiotics 

45 and antifungals can be incorporated into the polymeric 
composition. When the polymeric composition is applied 
to appropriate locations in the mouth, it can be used as 
a Ijarrier to prevent epithelial cells from overpopulating 
areas where connective tissue regeneration is more 

so desirable. Under such circumstances, a growth factor 
such as qsidermal growtii Mctor is contraindicated. The 
polymeric composition is especially suitable tor ttierapy 
relating to dental implants and restoration of damage 
periodontium. Periodontal pockets may be formed by 

55 microbial infection or by surgical intervention relating to 
implanting prosthetic devices such as posts and crowns. 
Periodontal pockets may be irregularly shaped and diffi- 
cult to access. Pouring, injecting or spraying the poly- 
meric composition into tiie periodontal pocket witii 
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subsequent macroscopic phase separation provides an 
implant with maximum adaptation to the configuration 
and complete geometry of the periodontal pocket. Incor- 
poration of mediclnals into the implant provides a drug 
delivery system whichflllstheperiodontal pocket and fur- 
ther provides a matrix for a suitable medicinal agents 
such ffi antimicrobials, soft connective tissue growth 
enhancers and anti-inflammatory agents. 

The following examples are Illustrative of specific 
embodiments of the polymeric compositions and should 
not be construed as linrvtations thereof. 

EXAMPLE 1 

5.0g of a hydrophobic bioabsort)able polymer con- 
taining 50% by wiBight of a first block of 40% by weight 
glycdide and 60% by weight trimethylene carbonate and 
50% by weight of a second block of 20% by weight gly- 
collde and 80% by weight lactide, was placed in 20 ml of 
polyethylene oxide methyl ether having a molecular 
weight of 350 daltons. The mixture was heated to 80°C 
for 24 hours without stiring. After 24 hours the polymer 
dissolved completely to fbnn a viscous solution. 

EXAMPLE 2 

A polymeric composition was formulated by mixing 
30% by weight of the hydrophobic bioabsoittable poly- 
mer used In Example 1 with 70% by weight of polyethyl- 
ene oxide methyl ethe' having a molecular weight of 350 
daltons. The mixture was heated to 80°C and stirred for 
5 days until dissolution was complete. 

EXAMPLE 3 

A polymeric composition was formulated by mixing 
40% by weight of the hydrophotxc bioatisorbable poly- 
mer used in Example 1 with 60% by weight of polyetiiyl- 
ene oxide metiiyl ether having a molecular weight of 350 
daltons. The mixture was heated to 80°C and stirred for 
5 days until dissolution was complete. 

EXAMPLE 4 

The polymeric composition formulated in Example 
1 was placed in the reservoir of an air brush and sprayed 
onto water. An opaque white film formed on the surface 
of the water. After repeated spraying the film couM be 
removed with tweezers. 

EXAMPLE S 

The polymeric composition formulated In Example 
1 was placed In the reservoir of an air brush and was 
sprayed in vivo onto porcine tissue. The polymeric com- 
position sprayed evenly onto the tissue. Upon contact 
with the tissue the polymeric composition undenrent 
macroscopic phase separation and formed a transpar- 
ent/translucent film. The film adhered to the tissue and 



could be pulled up as a solid sheet. After 4 hours, the 
fBm became translucent/opaque and had a wheat color. 
The film remained integrated and couki be pulled off as 
a solkl sheet. No acute Initation of tissue was noted. 




20 grams of the hydrophobic bioabsortsable polymer 
made according to Example 1 was added In small quan- 

10 titles while stirring at 80°C to a polymeric composition 
having 41.5 grams of polyethylene glycol methyl ether 
(number average molecular weight of 350 having a vis- 
cosity of4.1 centistokesat210°F)end 27.5 grams of ttie 
hydrophobic bioabsorbable polymer made according to 

75 Example 1. The resulting polymeric oompositnn con- 
tained 53% by weight of the hydrophobk: bioabsorbable 
polymer. Ir^ection of this polymeric composition into an 
aqueous medium resulted in the formation of a cheese- 
Rke porous mass. 

20 

EXAMPLE 7 

12.73 grams of the hydrophobic bioabsorbable pol- 
ymer made according to Example 1 was added in small 

2S quantities to 25.7 grams of a polymeric composition 
made according to Example 6 and heated at BO°C until 
completely dissolved. The resulting polymeric composi- 
tion contained 1 1 .82 grams of polyethylene glycol matiiyl 
ether (number average molecular weight of 350 having 

30 aviscosityof4.1centistokesat210°F)and26.60grams 

ing to Example 1. The resulting polymeric composition 
contained 69.0% weight percent of the hydrophobic bio- 
absorbable polymer. Injection of this polymeric compo- 
35 sition into an aqueous medium resulted in formation of 
a cheese-like porous mass. 

T>ie claims which follow identify embodiments of Vne 
invention addittonal to those desaibed in detail above. 

40 Cialnns 

1 . A liquid polymeric composition comprising a hydro- 
phobic bioabsort»ble polymer admixed with a 
hydrophilic liquid polymer wherein the polymeric 

45 composilion undergoes macroscopic phase separa- 
tion on contact with an aqueous environment. 

2. The polymeric composition of claim 1 wherein the 
hydrophilic liquid polymer is poly(alkylene oxide) 

50 alkyi ether. 

3. The polymeric composition of claim 2 wherein the 
poly(allqflene oxkle) alM ether is poly(ethylene 
oxide) mettiyl ettier. 

55 

4. The polymeric composition of claim 1 wherein ttie 
hydrophilic liquid polymer is poly(alkylene oxide). 
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The polymeric composition of any one of the preced- 
ing claims wtierein the hydrophobic bioabsortiable 
polymer is selected from polyhydroxyacids. polylac- 
tones, polycarbonates, polyanhydrides, polyestera- 
mides, polyorthoesters. poiyetheresters, 
polysaccharides, poly(alkylene oxide) containing 
poVmers, and copolymers, terpolymers and blends 
thereof. 

The polymeric composition of any one of claims 1 to 
4 wherein the hydrophobic bioabsorbable polymer 
is derived from lactide, glycollde, caprolactone, tri- 
methylene carbonate, and copolymers, terpdymers 
and blends thereof. 



contacted with an aqueous liquid by spraying the 
mixture onto the aqueous liquid. 

14. A method of forming a bioabsorbable inplant 
according to claim 12 oris wherein the bioabsort)- 
able implant is a post-surgical adhesion barrier. 

15. A method of forming a bioabsoitjable implant 
aoooiding to claim 12, 13 or 14 wherein the implant 
deposited over the suitable surface is an irregular 
mass, a regular mass, film or a 16am. 



The polymeric composit'on of claim 6 wherein the 
hydrophobic bioabsorbable polymer is a copolymer 
of about 50% by weight of a block of abou 20% by 
weight glycollde and about 80% by weight trimeth- 
yiene carbonate, and about 50% of a block of about 20 
20% by weight glycdide and about 80% by weight 



8. The polymeric composition of any one of the preced- 
ing claims wherein the hydrcphilic liquid polymer is ss 
selected from oxalates of polyoxyalkylene and 
copolymers of alkylene oxides. 

9. The polymeric coniposition of daim 8 wherein the 
oxalates of polyoscyalkylene is polyoxyethylene so 
oxalate. 

1 0. The polymeric composition of any one of claims 1 to 
8 wherein the hydrcphilic liquid polymer comprises 
polyethylene oxide having a molecular weigtit less 35 
than about 1000 daltons. 

1 1 . The polymeric composition according of any one of 
the preceding claims wherein the hydrophilic liquid 
polymer is a copolymer of polyethylene oxide and 4o 
polypropylene oxide. 

12. A method of forming a bioabsorbable implant com- 
prising: 

providing a hydrophobic bioabsorbable pdy- 45 

mer; 

providing a hydrophilic liquid polymer; 

mixing the hydrophobic bioabsort>able poly- 
mer with the hydrophilic liquid polymer to form a liq- 
\M mixture: so 

contacting the mixture with an aqueous liquid 
to cause macroscopic phase separation of the bio- 
absorbable polymer; and 

depositing the bioabsorbable implant over a 
suitable surface. 55 



13. A method of forming a bioat)sorbable implant 
according to claim 12 wherein the liquid mixture is 
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